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ABSTRACT
BACK GROUND AND AI MS. The present research project has been made mainly with the idea of comparing the tensile strength
values and histological answers of three types of colon anatomises: sutured with silk and sutureless anastomoses with 2-octyl-
cyanocrylate and N-butyl-2-cyanoacrylate.
METHODS. 112 Wistar rats distributed into three groups of 35 animals and a last control group of  7 have been used for this.
Group 1: silk, group 2: 2-octyl-cyanocrylate, group 3: N-butyl-2-cyanoacrylate, group 4: Control group. The following sur-
gical interventions were practiced on them: A cross section of the colon, followed by: group 1: an end-to-end discontinuous
suture anastomoses with Silk; group 2: sutureless anastomoses with 2-octyl-cyanocrylate; group 3: sutureless anastomoses
with N-butyl-2-cyanoacrylate. On the 10th, 20th, 30th, 40th and 50th days we proceeded to measure the anastomoses' ten-
sile strength value for each series. In the same period of time we carried out the following anatomic-pathological determina-
tions: a) sharp inflammation; b) oedema; c) non-specific chronic inflammatory infiltrate; d) granulomatous inflammatory
infiltrate to foreign bodies; e) fibrosis.
RESULTS. The results obtained indicate a greater anastomoses' tensile strength for group 2 and 3. The anatomic-pathologi-
cal values show a better response to anastomoses with adhesives than with conventional sutures. 
CONCL USI ONS. All these experimental results lead us to conclude that the cyanocrilates used to carry out sutureless anasto-
moses may be an alternative to the handmade conventional anastomoses. Moreover they are easy to be implemented. 
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INTRODUCTION
Anastomot ic dehiscence are st ill the most  important  cause
of  morbidity and mortality in colorectal resect ions. Nowadays,
anastomot ic dehiscence complicat ions following a surgical
procedure are located between 0.1 and 30%1-4. When the two
cut  ends of  the bowel are sutured together the healing begins
with an inf lammatory react ion that  provokes the replacement
of  damaged cells by knit t ing of  granulat ion and f ibroblasts
and later on by the deposit  of  conjunct ive knit t ing that  requi-
res reconstruct ing the intest inal wall. The healing of  the colon
starts w ith a varying level of  collagen in the submucous layer,
where its concentrat ion is the highest . The most  crit ical period
of  the healing is the f irst  3-5 days. During this t ime there is an
invasion of  the colon anastomoses by plackets, macrophages,
granules and f ibroblasts. This invasion leads to an increase in
the collagenolysis and a decrease in the collagen act ivity,
which infers that  the colic anastomoses will be mainly held
together by the unit ing suture.
The complicat ions of  anastomoses leakage are infect ion
and sept icaemia consecut ive to perit oneal or ret roperitoneal
contaminat ion due to the faecal content5.
Dif ferent  techniques have been developed to restore the
digest ive cont inuity in those cases where it  is necessary to
resect  the colon and perform anastomoses. The experimental
possibility to confect  sutureless colic anastomoses has been
established6. This study has been carried out  w ith the aim of
comparing the resistance and histological responses of  three
types of  colonic anastomoses: sutures with Silk 5/0 and suture-
less anastomoses with N-butyl-2-cyanoacrylate and 2-octyl-
cyanocrilate.
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N-but yl-2-cyanoacrylat e and 2-oct yl-cyanocrylate was
developed in the sevent ies and was the f irst ’s adhesives to
have insignif icant  t issular toxicit y and good closing st rength. It
has been widely used in Europe because of  its bacteriostat ic
power and minimum t issular toxicity in: bone and cart ilage
unions, medium ear surgery, corneal ulcers, embolizat ion of
gast rointest inal varix, neurovascular surgery and closure of
superf icial wounds7-11.
The aim is to verify whether sutureless anastomoses using
cyanoacrylates are useful in experimental animals in terms of
tensile st rength and cicat risat ion of  the anastomoses as it
shows biological tolerance, appraised in degrees of  histologi-
cal inf lammat ion and cicat risat ion in live intest inal t issue.
MATERIALS AND METHODS
M ATERIAL
1. Animals. 112 white female Wistar rats w ith an average
weight  of  200 g. were used under the following experimental
condit ions: Approximate temperature 21°C, circadian rhythm,
40 to 60% humidity and nutrit ion with special fodder for rats.
The animals were kept  on a fast  24 hours before the opera-
t ion, with access to water " ad libitum" . 24 hours af ter surgery
the habitual alimentat ion of  the rats was cont inued.
The Wistar rats were dist ributed into three groups of  35
animals and a cont rol group of  7. Each group, in its turn, was
subdivided into f ive series of  7 animals depending on the t ime
they were going to be sacrif iced postoperat ively (10, 20, 30, 40
and 50 days).
Group 1.- 35 animals. Anastomoses with Silk. Group 2.- 35
animals. Anastomoses with N-butyl-2-cyanoacrylate. Group 3.-
35 animals. Anastomoses with 2-octyl-cyanocrilate. Group 4.-
Control group. 7 animals.
The resistance or tensile st rength (measured with an
extensometer) and the following anatomopathological deter-
minat ions were studied in each series: chronic and acute
inf lammat ion (unspecif ied and foreign body type granuloma-
tous), oedema and f ibrosis.
2. Anastomoses material. Three types of  materials were
employed: Silk (S), N-butyl-2-cyanocrylate (NB2C) and 2-octyl-
cyanocrylate (2OC).
3. Measuring apparatus of  resistance. A set  of  four exten-
siomet ric gages arranged in a Wheatstone bridge st ructure,
lodged on a f lexible metal st rap has been used. The gages are
f ixed onto the st rap with an adhesive which provides solidif i-
cat ion by polymerizat ion and is arranged in such a way that
the compensat ion of  the sect ion, to which Poisson’s principle
refers, is obtained. The reader in volts in the measurer is con-
verted, by means of  a conversion factor, into Kilograms-
st rength and corresponds to the t ract ion force that  is applied
in the test . The circuit  is equipped with a zero-set t ing system
which permits balance on the bridge for later tests.
M ETHODS
1. Anaesthet ic methods. The animals were anaesthet ized
by means of  int raperitoneal inject ion of  Ketamine, 0.2 cc dosis
per 100 gr. of  weight .
2. Surgical methods.
a) Group with Silk. Af ter performing a medium laparo-
tomy, the intest inal loops were revealed and once the colon
was located a t ransversal sect ion was carried out  followed by
its terminal-end anastomoses with discont inuous suture with
silk 5/0. The abdominal wall was closed with silk 2/0, in cont i-
nuous suture in peritoneum block and aponeurosis and skin
separately.
b ) Group with NB2C. Af ter performing the t ransversal
sect ion of  the colon, three loose st itches with Polyglicolic Acid
were applied to t riangle and approximate the sect ion ends,
applying NB2C on the three lines which const itute the union
of  the ext remit ies. A complete closure of  the union was obtai-
ned in this way.
c) Group with 2OC. We proceeded in a similar way to the
previous group, although 2OC was used (Figure 1).
3. Method to obtain samples and measurement  of  tensile
st rength of  sutures. Employing the same anaesthet ical met-
hod as in the operat ions, once the rat  was sacrif iced on the
corresponding postoperat ive day and properly f ixed to the
workbench, we proceeded to remove the corresponding
region to the intest inal anastomoses. One cent imetre, marked
by two f ine hypodermic needles, was measured with a preci-
sion micrometer, leaving the anastomoses just  in the middle,
and af ter its sect ion, it  was placed between two supports on
the resist ance measurer, f ixing it  with two serrated clamps.
The apparatus was started unt il the anastomoses broke; the
referred value in the voltmeter is the tensile st rength or resis-
tance expressed in grams/cent imetres, given that  the f ragment
of  anastomoses measured exact ly one cent imetre.
We proceeded the same way in the control group, ext rac-
t ing one cent imetre of  the descending colon without  previous
intervent ion, which allowed us to obtain the tensile st rength
of  a normal colon.
4. Anatomopathological method. The anastomot ic region
of  the sample used af ter measuring resistance was f ixed in
tamponed formol at  10%.
With the object  of  studying the existence or not  of  acute
inf lammat ion (AI), chronic unspecif ied inf lammatory inf ilt rate
(CUII) and foreign body type granulomatous inf lammatory
inf ilt rate (CGII), oedema (Ede) and f ibrosis (Fi), the 3 µ thick
histological cross sect ions were processed in paraff in and stai-
ned with Hemotoxiline-Eosine.
Figure 1.- Applicat ion of  2-octyl-cyanoacrilate. 
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5. Stat ist ical methods. The parametric ANOVA Test  was
performed for a tensile st rength factor and the T for Student
Test  for a sample to compare with normal colon.
In the case of  obtaining a non-normal variable, such as the
anatomopathological, the comparison was carried out by means
of the Kruskal-Wallis Test . On the other hand, the mult iple com-
parisons were performed by means of   the U for Mann-Whitney
reducing the global signif icance level from · to 0.005 so as to be
able to maintain a global signif icance level of    = 0.05.
The dichotomic variables (obst ruct ion/non obstruct ion)
were compared with the Chi-squared Test  in the causes of
mortality.
6.  Mortality studies. All the animals for each group, accor-
ding to the days elapsed f rom the operat ion to the taking of
resistance measurements, were observed, not ing the number
of  deaths to determine survival.
RESULTS
1.- Tensi le st rengt h. The arithmet ical mean (gr/cm) and
the typical deviat ion of  the values obtained for the dif ferent
groups were calculated, with the results that  show themselves
in the Tables I and Figure 2.
It  has been verif ied that  the tensile st rength value in the
technically convent ional groups as well as in the sutureless
anastomosis groups increased progressively in t ime f rom 10 to
50 days.
2.- Anat om opat ho logical  resul t s. The values of  the ele-
ments studied have been expressed through a scale of  0 to 3
and the arithmet ical mean has been found. (Figure 3)
2.1.- Silk group (Table II). 
In this group an acute inf lammatory component  was
globally observed in most  cases, even in series V, somet i-
mes, with format ion of  authent ic perianastomot ic absces-
ses. The chronic inf lammatory react ion was seen in every
series.
The suture material caused a foreign body type granu-
lomatous react ion in every case, more evident  in series II,
IV and V.
Table I
1.1. Col ic anast om oses w i t h  Si lk .
Series I Series II Series III Series IV Series V
Mean 248.9 345.6 304 407.7 436.5
Typical deviat ion 2 15 36.5 16.5 12.5
1.2. - Col ic anast om oses w i t h  N-but y l -2-cyanoacr i lat e.
Series I Series II Series III Series IV Series V
Mean 410.14 491.33 543.3 552 549.14
Typical deviat ion 38.62 59.28 68.38 38.68 33.06
1.3. - Col ic anast om oses w i t h  2-oct y l -cyanocr i lat e.
Series I Series II Series III Series IV Series V
Mean 516.2 519.4 530.16 568.28 572.28
Typical deviat ion 41.96 80.15 64.76 27.30 29
1.4. - Cont ro l  group. The m ean w as 541.1 gr /cm (typical deviat ion 2.6)
Table II
ANATOMOPATHOLOGICAL RESULTS. SILK GROUP.
AI Ede UCII CGII Fi
Series I 1.43 0.57 0.86 1.43 1.14
Series II 1.16 0.17 0.83 1.83 1.17
Series III 1.16 0.17 1.17 1.50 1.00
Series IV 1.67 0.17 1.33 1.83 1.67
Series V 1.83 0.00 1.17 1.67 1.83
Figure 2.- Results of  tensile st rength.
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Insofar as the format ion of  connect ive t issue we obser-
ved that  it  increased as the postoperat ive t ime did.
2.2.- N-butyl-2-cyanoacrylate group (Table III).
The acute inf lammatory react ion was relevant  in the
f irst  series.
Although the unspecif ied chronic inf lammatory reac-
t ion existed it  was not  very important ; however the chro-
nic granulomatous was.
2.3.- 2-octyl-cyanocrylate group (Table IV)
3.- Mortali ty study. (Table V)
It  has been verif ied that  the three groups showed a total
mortality of  12.38 % which oscillated between 11.42% for S
and NB2C groups and 14.28% for 2OC group during the obser-
vat ion period. In the following table the total number of
deaths and the causes for each animal in each group.
Figure 3.-
Anastomoses w ith 2-octyl-cyanoacrylate 
(f ig 2.a.) and with N-Butyl-cyanoacrylate 
(f ig 2.b.) in 50 days t ime.
Fig 2.a (H.E.x10) Fig 2.b (H.E.x10)
Tab le III
ANATOMOPATHOLOGICAL RESULTS. 
N-BUTYL-2-CYANOACRYLATE GROUP.
AI Ede UCII CGII Fi
Series I 2.14 0.00 1,14 1.42 0.00
Series II 1.00 0.00 1.00 2.00 0.60
Series III 0.83 0.00 1.16 1.66 1.33
Series IV 0.00 0.00 2.00 1.80 0.16
Series V 0.16 0.00 1.33 1.66 0.50
Table IV
ANATOMOPATHOLOGICAL RESULTS. 
2.3. 2-OCTYL-CYANOCRYLATE GROUP.
AI Ede UCII CGII Fi
Series I 2.20 0.00 1,00 1.40 0.60
Series II 2.00 0.00 1.80 2.00 0.20
Series III 1.50 0.00 1.30 2.00 0.33
Series IV 1.71 0.00 1.28 2.28 0.24
Series V 1.00 0.00 1.28 0.28 0.00
Tab le V
MORTALITY STUDY
Total number Causes Number of
of deaths deaths
Immediate postoperat ive 2
Colic anastomoses with Silk 5/0 4 Wall dehiscence 1
Sepsis due to abscess in abdominal wall 1
Colic anastomosis with NB2C 4 Anastomot ic leakage 1
Intest inal obst ruct ion 3
Colic anastomosis with 2OC 5 Anastomot ic leakage 2
Intest inal obst ruct ion 3
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DISCUSSION
In this experimental study we have endeavoured to verify
the eff iciency of  N-butyl-2-cyanoacrylate and 2-octyl-cyanocry-
late used as sutureless colonic anastomoses as opposed to con-
vent ional technique with Silk 5/0 in rats. We studied the tensi-
le st rength the sutures are able t o support  and the anatomo-
pathological repercussions relat ing to cicat risat ion such as
acute inf lammat ion, oedema, unspecif ied chronic inf lamma-
tory inf ilt rate and foreign body type granulomatous, and
anastomot ic f ibrosis.
Insofar as the tensile st rength, it  has been verif ied that  in
any of  the groups whether they are convent ional technique or
sutureless anastomosis their value increases progressively in
t ime f rom 10 to 50 days. NB2C and 2OC show a much greater
tensile st rength than the other group (S) as f rom 10 days with
clear stat ist ically signif icant  dif ferences with them; NB2C reach
the normal colon mean at  30 days and 2OC reach the normal
colon mean at  40 days. Signif icant  stat ist ical dif ferences are
only found at  10 days between both cyanoacrylate .
Kirkegaard12 carried out  a comparat ive study between
sutured colonic anastomoses or those performed with iso-
butylcyanoacrylate in rats, concluding that  there are no signi-
f icant  dif ferences between either tensile st rength; something
which contrasts to our results, perhaps due to a cyanoacrylate
ester w ith dif ferent  alcohol in its st ructure.
As regards to the anatomopathological study, beginning
with the acute inf lammatory react ion, the 2OC group obtai-
ned the highest  values.
Farías-Llamas et  al13 in a study realized with 2-oct il-ciano-
acrilate, N-2-but il-cianoacrilate and f ibrinogen in rates, con-
cluded that  an increase exists in the burst ing pressure in the
groups t reated with f ibrinogen, which expressed increase of
the tensile st rength of  the anastomosis and that  pressures
were similar on having t reated the anastomosis with any of
the synthet ic adhesives.
Insofar as N-butyl-2-cyanoacrylate is concerned, there is a
signif icant  stat ist ical dif ference at  40 and 50 days when com-
pared to S group, the acute inf lammatory react ion being less
in the former. In the stat ist ical study they did not  f ind signif i-
cant  dif ferences for both types of  cianoacrylates.
According to the previous results, we can refute the con-
clusion established by Nash and Belleger14 in their study on cat
intest ine using convent ional suture and N-butyl-2-cyanoacryla-
te, which aff irms they obtain a greater inf lammat ion at  7 days
in sutures than in adhesive, although the inf lammat ion persis-
ted at  28 days in the lat ter as opposed to what  happened in
sutures.
We have not  obtained stat ist ically signif icant  dif ferences
in the group of  the 2-octyl-cyanocrylate in the values of  sharp
inf lammat ion for w ith any of  the other series of  our enclosed
study in the comparison with the N-butyl-2-cyanoacrylate.
Matera 15 reveals the great  inf lammatory and granuloma-
tous react ion of  anastomoses performed with cyanoacrylate in
a study with dogs.
Oedema did not  appear in t he group t reated with 2OC
and NB2C. It  appeared in S group, although it  diminished unt il
disappearing at  50 days, w ithout  any signif icant  differences
among the results at  different  periods of  t ime.
The unspecif ied chronic inf lammatory inf ilt rate (U.C.I.I.) in
all groups and at  all t imes was evident , obtaining the lowest
values for S. Except  for this last  technique, there is a clear
increase in said anatomopathological parameter in t ime, if  the
results at  10 and 50 days are compared. As regards to the sta-
t ist ical study, no signif icant  stat ist ical dif ferences amongst  the
dif ferent  groups have been found.
Granulomatous chronic inf lammatory inf ilt rate of  foreign
body type (G.C.I.I.) was observed in all the groups.
The results were rat if ied by papers such as Matera15 and
Oliver16 who aff irm that  cyanoacrylates act  as foreign bodies.
Insofar as N-butyl-2-cyanoacrylate and 2-octyl-cyanocryla-
te we did not  gather signif icant  dif ferences with S group and
neither for both types of  cianoacrylates.
With respect  to the f ibrosis parameter, it  was observed
how the cicat rices became more and more compact  in all
groups f rom 10 to 50 days, i.e. the value of  said parameter
increases; this reaches its minimum values in the case of  2-
octyl-cyanoacrylate.
It  has been verif ied how the three groups showed a total
mortalit y rate of  12.38% which oscillated between 11.42% for
S and NB2C groups and 14.28% for the 2OC group during the
observat ion period. According to the result s it  can be obser-
ved how the cause of  greater mortality is const ituted by the
intest inal obst ruct ion which took place in anastomoses per-
formed with the adhesive but  did not  appear in those with
convent ional suture; that  is why it  is thought  that  as the for-
mer have a greater tendency to form adherences, these could
be the cause of  the obstruct ion.
The stat ist ical study taking as a dichotomic variable obs-
t ruct ion/ non obstruct ion and the three independent  techni-
ques did not  show signif icant  stat ist ical dif ferences. On the
other hand, grouping the techniques into convent ional and
adhesives, signif icant  stat ist ical d if ferences did appear.
Therefore, we can aff irm that  the adhesives used as an alter-
nat ive to convent ional suture in colon anastomoses are more
inclined to the format ion of  adherences and, as a consequen-
ce, to the format ion of  intest inal obst ruct ion than sutures.
At  the sight  of  the result s, it  is thought  that  cyanoacryla-
tes can be used as an alternat ive to convent ional manual anas-
tomoses to confect  a sutureless anastomoses f rom the experi-
mental point  of  view.
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